Abstract: During disaster response, prioritization of limited resources is one of the most important but challenging tasks. At the same time, it is imperative to timely provide to the rescuers with the adequate heavy equipment to facilitate lifesaving operations. However, supply of high demand equipment is usually insufficient during the initial phase of disaster response, challenging lifesaving operations. At the same time, resources outside of the disaster affected zone converge into the area to assist the response efforts, which is the effect of convergence that often made resource coordination challenging in large scale disasters. Meanwhile, the initial condition of the disaster is usually best known by civilians already at the area before and during impact of the disaster. The knowledge of the civilians is not always received and considered by the responding organizations. With the help of these civilians, critical information such as victim location, infrastructure damage, and risk condition could be better known before any response actions are taken. To efficiently collect information and utilize the converging resources, this paper proposes a geospatial information repository for initial condition reporting and update to guide search and rescue operations and deployment of equipment with safety considerations for the rescuers in large scale disaster response scenarios.
I. INTRODUCTION
During disaster response, it is imperative to timely provide the rescuers with the adequate equipment to facilitate lifesaving operations [1, 2] . However, facilities management of geographically distributed resources has been recognized as one of the most important but challenging tasks in disaster response [3, 4] . Challenges include demand identification for search and rescue, resource assignment, location tracking and delivery [4, 5] . In addition, the convergence of resources makes coordination of response resources difficult [6] . These challenges must be addressed to have disaster response efforts become more effective.
II. BACKGROUND
In response to disasters, the initial efforts including information gathering, victims search and rescue are sometimes carried out by civilians within the area at the time when the disaster occur [7, 8, 9] . Organizations and individuals from different industries and background work together in response to the crisis collectively [8, 10, 11, 12] . Individuals collect relief supplies, provide shelter, and engage in a variety of services [7, 13] . At the same time, the establishment of the official command and control system by the Emergency Management Agencies (EMAs) from the local, state and federal takes time, to coordinate and respond to the disaster [7, 8, 9] . Meanwhile, volunteers and response organizations outside of the disaster affected zone converges into the disaster affected area to assist disaster response. This is the effect of convergence that often made the already complex problem of resource coordination challenging [3, 6, 7, 10] . For example, onsite congestion of volunteers, material, and equipment hinders efficient resource coordination [7, 10] . However, provided with the converging resources, the response to the incident could become more effective [7, 9, 14, 15, 16] . In rapidly changing environments, the convergence could bring certain capabilities and flexibilities that do not exist or is not sufficient in the command and control system [10] . How to properly manage the converging resources is the important task.
One of the greatest challenges of utilizing the converging resources is their ability to be deployed immediately to the incidents without the appropriate and required skills, training and the familiarity to the command and control structure and EMAs [10] . Nevertheless, there are still great potential to utilize the converging resources. For example, Red Cross [11] is one of the specialized organizations, along with other KICEM Journal of Construction Engineering and Project Management specialized entities, that contributed to the response operations in the 9-11 terrorist attaches [10] . In addition, Kendra and Wachtendorf [10] pointed out that to have an efficient and effective disaster response, it is vital to develop, maintain and take action based on a "Shared Vision" of emergency goals, critical tasks and their need of critical resources. It is difficult to have the volunteers obtain such Shared Vision without any prior training and communication with the EMAs.
III. OBJECTIVE
When disasters occur, information required to guide the initial urban search and rescue operations is not always available. For example, before the Haiti Earthquake, there is very little information regarding the road network and spatial entities in their digital maps. After the earthquake, this lack of information hindered the response operations. However, volunteers in Portau-Prince filled in cartographic blanks in maps with more detailed information that are accessible to the public online [17] . It is also important to understand that the initial information collected about the disaster is often inaccurate [18] . For this reason, assessment of resource needs has to be an ongoing procedure that continues throughout the duration of the incident to update information for all entities involved within the disaster response operations to provide stakeholders and decision makers an accurate view of the condition and needs [9] . In the case of Haiti, the volunteers used text messages, GPS, and hand drawings to dispatch thousands of updates for road names, building collapse, and victim locations [17, 19] . The officials used the information to guide their emergency workers, including the Marine Corps and Red Cross [19] . Although there are drawbacks in this approach of information collection and update, the benefits outweighed in the case of the Haiti earthquake [17, 19] .
Inspired by the aforementioned fact, the objective of this paper is to establish a public web service for civilians to report, update, and share information that could potentially be used by officials in the command and control system and volunteering personal, equipment and materials.
IV. APPROACH
An innovative approach that facilitates immediate equipment distribution in response to disasters is proposed by Chen and Peña-Mora [20] . An Equipment Control Structure, which is inspired by the behavior of honeybees' foraging [21] , enables a decentralized and collective decision making process for equipment prioritization and response. With the Equipment Control Structure applied to facilities management such as construction equipment distribution, disaster response operations have the potential to become more efficient in the case when the command and control system is overloaded. Each volunteering Equipment Unit will make its own decision on where it will carry out the disaster relief effort. How each Equipment Unit makes decisions based on the information it perceives is inspired by Honeybees' foraging behavior [20] .
Based on the decentralized approach Chen and Peña-Mora proposed for the converging resources [20] , the proposed web service could provide the converging resources a source of information as to guide how victim locations are prioritized and where the resources should respond to. Figure I shows the outline process a civilian would follow for using the Civilian Report server.
FIGURE I OUTLINE PROCESS
When a person in the disaster affected area discovers a location where there are victims that need help, e.g. victims are trapped under collapsed structural elements, the person could report such situation to the Civilian Report service through a handheld device such as a smart phone, a laptop or a touchpad device, with network capability. The information uploaded by the civilians could be seen through a digital map. As a result, the Civilian Report service could play the role of an information hub for unassigned disaster response resources. By visiting the Civilian Report webpage, individual Equipment Units could learn more about the condition of the disaster and decide what location it will respond to. This way the productivity of the unassigned resources could greatly increase, avoiding unnecessary idle due to the overload of the official command and control system. To achieve this goal, there are certain assumptions. First, we assume that there will be access to computer network such as a wireless 3G/4G network. In cases if infrastructure based networks are not presented, an ad hoc network approach could be taken [22] . Secondly, at the current stage of the development, we assume there will not be malicious injections of information into the database. The primary goal of the Civilian Report webpage is to guide search and rescue operations at the initial stage of disaster response. However, under the condition when the official command and control system is saturated, the Civilian Report service could continue to function to communicate information to the responding resources. In other words, when the When a person in the disaster affected area discovers a location where there are victims that need help, e.g. victims are Vol.1, No.3 / Dec 2011 trapped under collapsed structural elements, the person could report such situation to the Civilian Report service through a handheld device such as a smart phone, a laptop or a touchpad device, with network capability. The information uploaded by the civilians could be seen through a digital map. As a result, the Civilian Report service could play the role of an information hub for unassigned disaster response resources. By visiting the Civilian Report webpage, individual Equipment Units could learn more about the condition of the disaster and decide what location it will respond to. This way the productivity of the unassigned resources could greatly increase, avoiding unnecessary idle due to the overload of the official command and control system. To achieve this goal, there are certain assumptions. First, we assume that there will be access to computer network such as a wireless 3G/4G network. In cases if infrastructure based networks are not presented, an ad hoc network approach could be taken [22] . Secondly, at the current stage of the development, we assume there will not be malicious injections of information into the database. The primary goal of the Civilian Report webpage is to guide search and rescue operations at the initial stage of disaster response. However, under the condition when the official command and control system is saturated, the Civilian Report service could continue to function to communicate information to the responding resources. In other words, when the command and control system is overloaded by the massive tasks to be carried out, such as urban search and rescue, resource location, assignment and coordination, unassigned resources could use the Civilian Report service to find locations of resource demand to respond to.
The system architecture of the Civilian Report service is shown in Figure II , which includes a database as the information repository, a web hosting service, and the webpage itself and external geo-spatial representations. The implementation of the web service is as follows: MySQL is chosen as the database to store the discovered information. The database table ( Figure III ) that holds such information includes attributes such as the entry key/id, the timestamp of when the piece of information is received, the latitude and longitude coordinates of the location, a photograph of the situation, potential number of victims, the condition of the victims, textual comments of the image, name and phone number of the person who reported, and safety condition of the location. The web interface is written in a mixture of PHP and HTML. PHP is selected for its easy access to databases and the ability to program logic in HTML web pages. In addition, the Google Maps JavaScript V3 API [23] is used to display spatial information with the PHP Google Map API [24] . Figure  IV shows the upload interface that includes all the information needed by the Civilian Report database. After civilians click the Upload Button, the photo and comments submitted are automatically inserted to the MySQL database and the Civilian Report service retrieves the photo and comments from the MySQL database and shows the information on the map through the Google Maps API. The result is shown in Figure V .
People who are interested in helping the disaster relieve efforts could visit the web service and see where help is needed. For example, if a truck mounted crane and its crew is volunteering to help while the official command and control system is overloaded, the crew could visit this webpage. Through the information the Civilian Report service provides, the crew could decide where they could be most helpful. In the previous sections, the Civilian Report web service is discussed and it provides a platform designed for reporting, updating and communicating damage and resource needs in disaster response as well as for facilitating volunteers to help rescue operations. When the official command and control system is overloaded, in particular, this approach can be more useful to rescue survivors as providing a way that volunteers can easily assist and participate in the lifesaving operations. Once arriving at the site, however, search and rescue personnel and volunteers is exposed to unfamiliar surroundings and unknown conditions. In case that the rescuers do not have sufficient experiences and knowledge regarding the search and rescue processes, the operations may be further delayed or even fail at the end. For example, there is a chance rescuers and volunteers get themselves injured in unexpected conditions.
To address the safety issues in search and rescue operations, the Civilian Report webpage could serve as a communication tool. Within the database schema ( Figure III) , there is an attribute to estimate the safety condition at the disaster site. This potentially opens the possibility of knowing preliminary safety condition of the area. In addition, information such as the Occupational Safety and Health Administration (OSHA) recommendations for search and rescue [25] and firstaid procedures and real-time recommendations posted by others is possible to be implemented into the Civilian Report service. Figure VI shows a framework for the process. Rescue workers who first arrive at the disaster site typically perform an initial hazard assessment and report the observed scene. Although they might not be responsible for mitigating hazards and saving lives in the uncertain environment, search teams can face situations that immediate actions are required (e.g., firstaid treatments, prevention of secondary incidents) before official rescue teams, task forces or emergency medical service teams arrive. In this case, knowledge and experience are crucial to provide the first-aid treatment and to protect search teams from potential hazards. The Civilian Report service can provide inexperienced volunteers and search workers with basic information during the search operations. As an example of the information to be provided, the OSHA furnishes information on potential hazards associated with the search and rescue activity and work practices for each task, including but not limited to: structural instability, heavy equipment operation, work near water, and confined spaces. In this respect, the Civilian Report webpage could help the first responders to take immediate actions at due time and can also contribute to estimating the number and type of equipment based on the initial hazard assessment uploaded by the first responders. Furthermore, the Civilian Report service could be used as a more active communication tool. For example, in addition to sharing site information (i.e., site photos and spatial data) with rescue experts outside of the disaster region, the first responders could benefit from recommendations suitable to the condition and situation by the remote experts, in terms of safety consideration in rescue operations. Therefore, the web service would have advantages to guide rescuers in urgent and dangerous circumstances. The Civilian Report service could potentially guide the initial search and rescue operations for civilian rescue. The service could also be applied to response operations such as functionality restoration of critical infrastructure systems, -the transportation infrastructure, communication infrastructure and the power supply -to facilitate disaster response and recovery. The Civilian Report service could enable a Shared Vision to all stakeholders regarding information sharing for the emergency response goals, critical tasks, and needs of critical resources.
The Civilian Report service could be beneficial to the disaster response operations. For example, in the recent Earthquake that struck Christchurch, New Zealand [26] , victims trapped under rubble sent text messages to people they know for help [27] . If the Civilian Report service was available at that time to the victims, they could have posted information of themselves with geospatial attributes available through the cell phone. Sharing of the spatial location of the victim could have facilitated the search and rescue operations.
Currently, the implementation of the Civilian Report service does not consider database security issues. As a result, future plans are to strengthen the security aspect of web development. In addition, the initial assessment and reporting from civilians need to have a standardized rubric established. The condition of victims as well as the safety of the disaster site needs more study and documentation to guide civilians report information.
In terms of safety considerations, future work will include the study on what information could be visualized and distributed through the webpage and what technological approaches would be useful to analyze the site for safety in rescue operations. To utilize the web service as a communication tool during rescue operations, visualization of information can play an important role. Visualization is a powerful tool for cognition [28] and perception of spatial information [29] as well as for problem solving and education [30] . With visualized information, search and rescue teams, volunteers, and remote experts could learn the site conditions and spatial configuration and would be able to suggest appropriate recommendations. The responders can also perceive information easily to take immediate actions properly without unnecessary delays. In this aspect, improving the capacity of the Civilian Report server is also critical to upload and store the visualized information, the file size of which is large in general. Furthermore, information technology approaches may have potential to be used for automated analysis and data collection of a disaster site. For example, the OSHA recommends making a site plan including detailed traffic flow to protect workers from mobile equipment. To collect data for the traffic control, computer vision techniques could be applied. Once video cameras are installed on a disaster site, the route and trajectories of equipment can be automatically captured using visionbased object detection and location tracking techniques [31, 32] , and the frequently overlapped areas could be identified and visualized on site images. By sharing this information through the Civilian Report service, rescue workers can avoid struck-by accidents, and official command and control teams can promptly and more efficiently plan for safety procedures (e.g., flaggers, traffic cones and devices) to accurately reflect the site conditions. The Civilian Report service could be developed in terms of functionality and capacity to perform a role as the hub for analyzing and communicating various types of safety procedures.
VII. CONCLUSION
In this paper, a web service -Civilian Report -that takes information from civilians who discover information such as victim locations, damage conditions and resource demands, on the disaster affected area, is presented. The information is published on the digital KICEM Journal of Construction Engineering and Project Management map of the Civilian Report service for sharing. The context and assumptions of when the server would be used, along with the process of how a user would use the server, the architecture of the server, and a sample result are presented.
Although this ad hoc approach of information sharing could result in non-optimal distribution of equipment utilization, it is under the condition that the official command and control system is saturated. As a result, this web service could potentially be useful to guide disaster response through a distributed decision making approach.
Future work in addition to the discussed aspects, would be to further implement algorithms to make this process more efficient. In a large scale setting when the official command and control system is overloaded, demand for equipment could be in a great number. As a result, clustering of discovered demands needs to be performed on the server side, to avoid overwhelming information on the map interface. In addition, an algorithm to rank demand locations for a crew, based on the number of demand, spatial attributes, severity of demand and the capacity of the piece of equipment, could be highly useful to help decision making of the crew with automation when using the web service. Further more, information reporting must be effectively filtered and validated to avoid potential duplication of civilian report.
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